This paper is concerned with the reconfiguration of national research and innovation (R&I) systems towards a European Research Area (ERA). We conceptualise R&I activities as either: integrated at European level, coordinated with other European partners or nationally juxtaposed. Such a conceptualisation can be usefully applied to the measurement of progress towards the ERA along the lines of: providing orientation for R&I, programming and funding of R&I, and performing R&I. Based on a newly constructed set of indicators, and using purpose-collected budgetary data from major pan-European R&D initiatives and other R&D statistics, we apply this framework empirically to the process of Europeanisation of publicly funded R&I. Our estimates show that Europeanisation of R&I has increased substantially over the past ten years. Europe has entered a new phase of Europeanisation of R&I, a phase that opens up the opportunity to achieve a further intensification of Europeanised R&I.
Introduction
Since the formulation of the goal to realise the ERA in the year 2000, we have seen an intense debate about the objectives, the process and the means to achieve it. The ERA concept re-invigorated the debate about the Europeanisation of research which had been rather latent in the preceeding years. It culminated in the ERA Vision 2020 document which outlined the medium-term perspectives for the future of research in Europe (Council of European Union 2008).
However, the debate about Europeanisation is not new, not even with respect to R&D. Much academic and policy thinking was done during the early years of the EU when the fundamental goal of Europeanisation as such was still heavily contested. The EURATOM treaty and the creation of the Joint Research Centre (JRC) in 1957 provide evidence of the significance of research in those early debates. The establishment of the Framework Programmes for Research and Technology Development (FPs) in the early 1980s was another important milestone. These two examples mirror the fundamental tension in this debate, with the JRC standing for an integrated and centralised model of research performance, and the FPs representing a coordinated and decentralised model of research performance, both being funded through a centralised re-distribution mechanism.
One of the crucial challenges in the context of the Europeanisation debate is how to capture the process of change by way of meaningful analysis and measurement. This, in turn, presupposes a good conceptual understanding of different types of Europeanisation models against which to compare progress. Both conceptualisation and measurement are essential for monitoring progress towards 'the ERA', and thus for the ability to steer the process of Europeanisation in a transparent and evidence-based manner.
It is against this background that we aim to contribute to a better understanding of integration and coordination in research as the two basic modes for describing the dynamics of Europeanisation, as well as to the development of better measurement approaches for tracing this process.
More specifically, the main objective is of a conceptual and methodological nature: namely to propose a novel methodology for measuring the dynamics of Europeanisation in research. Thus, this paper also has an empirical element in that it revisits the quantitative knowledge about the Europeanisation of research accumulated during the past 20 years by applying a rigorous indicator-based methodology.
The paper is structured as follows. Starting with a review of the theoretical and empirical literature on the emergence of a European research system (Section 2), we propose a two-dimensional conceptual framework of how the Europeanisation of research can actually be mapped (Section 3). It builds on the dichotomy between integration and coordination as the two basic modes of Europeanisation of research, and the simple juxtaposition of national research. We then examine the changes towards Europeanisation of the main functions relating to the governance of the research system: the orientation, programming, funding and research performance functions. This framework is then used to trace in a qualitative way the evolution of research in Europe since the 1950s (Section 4). Ultimately, it serves as a background for the formulation and application of the new quantitative approach to measuring the Europeanisation of research (Section 5), which is applied using data for the past ten years (Section 6). For this quantitative analysis, we concentrate on the programming, funding and research performance functions in order to simplify the data collection. We conclude with some remarks on the trends in Europeanisation in terms of its different modes and on the implications this raises for the monitoring of future evolution of the ERA (Section 7).
Europeanisation in R&I: A review of the literature
Until recently, the research focus in Europeanisation studies was on the political and economic integration of the EU but not much on the dynamics of integration in R&I which has attracted the attention of scholars only lately. A central issue in that literature is the supposed evolution of Europe from a collection of more or less self-contained national R&I systems to the composite, which one may justifiably term the European research and innovation system (ERIS). The realisation of an ERA represents a specific configuration of how such a ERIS could be realised.
Evidence provided from the analysis of bibliometrics suggests that collaborative links between researchers within Europe are growing and doing so at a greater pace than with the rest of the world (Mattson et al. 2008) . Moreover, and consistent with the view of integration, the distribution of intra-European collaborative links is becoming increasingly diversified over time (Frenken 2002; Okubo and Zitt 2004) . A number of studies report evidence of an increasing European 'systemness', along with a decrease in the importance of national borders, at least to a certain extent (Frenken and Leydersdorff 2004; Horta and Veloso 2007; Tijssen 2008; Hoekman et al. 2010; Paier and Scherngell 2011; Scherngell and Lata 2012) .
However, the existing literature does not report evidence of major structural changes in the relationships between member states which are consistent with a complete integration process (Tijssen 2008; Hoekman et al. 2009; Hoekman et al. 2010) . Rather, the consensus seems to be that, by and large, national borders still matter a great deal. This general finding should not come as a surprise: European political and financial initiatives to promote the development of ERA started less than ten years ago, and the history of the European FPs only started in the early 1980s. Institutional and structural changes are long-term processes and thus longer periods of analysis than the 1990s and beginning of the 2000s would be needed to reveal their true dynamics.
Some studies have looked at the integration processes at policy and institutional levels as well as at the coherence of the supra-national structure, including the identification of its actors, and have attempted to verify whether or not shared values and institutions are present. The major question for studies from a political institutionalist perspective is whether a new 'European' system is emerging and what its stage of development is. In this stream of literature, the nature of the integrative activities is often distinguished by their degree of formality: the formal ones are inscribed in treaties or directives, and the informal are derived from 'spontaneous' interactions and collaboration at the level of research activities.
More than ten years ago, and thus well before the definition of the political concept of ERA, Gergersen and Johnson (1996) , using the national innovation systems approach as analytical framework, concluded that the European research system is in an emergent phase. Based on institutional learning processes as part of integration, they have identified the morphology of the European research system in the making as a 'system of systems'. The proposed structure contains a supra-national layer, composed of the European institutional arrangements and set-up, and a top layer comprising all the diverse European national innovation systems. This structure is similar to the one described implicitly by Caracostas and Soete (1997) which highlighted the relevance of postnational organisations formalised in treaties, built within or outside of the EU, as well as European institutions and rules.
Other recent studies find no conclusive evidence so far that a European 'system' has already been achieved at the institutional level either, but showcase some evidence that there is one in the making, although so far without an established morphology. Edler and Kuhlmann (2005) studied the formation of the European research system through the analysis of the impact of the new funding instruments in FP6 and other trans-national institutional initiatives, both EU and non-EU on the institutional landscape. This provides, at the least, evidence of the shift of the programming function towards the European level. They argue that there a multi-level governance framework is emerging for R&I policies in Europe. Borra´s (2004) , approaching the topic from a sociological and institutional economics perspective, goes a step further in her assessment of the state of advancement of an ERIS. She argues that the European system is in formation based on three dimensions of institutional 'systemness': ethos, telos and geo. She considers that although the ethos (European common values) is already clearly identifiable, the telos (the purpose) is yet in a state of flux, however, in the specific case of the ERA, it is attaining a federal nature (final aim for the ERA), and the geo (the boundaries) also remain unclear. In her opinion there is already a European way of managing uncertainty and risk in society, and a formal European institutional system set-up. However, she agrees that the ERIS has not yet been achieved because no consolidation or alignment of the informal institutions at the European level could be found. Neither is there a clear delineation of the geographical and institutional boundaries of the system. Luukkonen and Nedeva (2010) elaborate on the cognitive and social aspects of integration at the level of European research communities and research performing organisations, which include structural and organisational developments, as opposed to 'fragmentation'. The empirical case studied measures the integration of a research community driven by a European policy instrument to promote excellence. The results show that previously dispersed national knowledge communities have increased their European integrative levels. However, the corresponding metrics do not yet allow for comparisons in a robust manner. Rightly, their concept of integration focuses on the formation of a new entity from different parts, either with a permanent or transitory nature, through endured relationships, shared interests, and alignment of norms and procedures. This concept of integration differs, however, from our definition of the relationships in Europeanisation developed later in this paper as the option of coordination as an alternative concept of Europeanisation is disregarded.
So far, public expenditures have scarcely been used to measure the evolution of the relationships that are occurring at the pan-European level in the different programmes and organisations, despite their suitability to capture activities related to the programming function in particular. The only exceptions are the European Commission's Science and Technology Indicators reports (European Commission 2003) , published regularly since the early 1990s, and the recent Science, Technology and Competitiveness (or 'key figures') reports (European Commission 2009 . Although not explicitly concerned with Europeanisation processes, these reports compare the amount of public funding that is: nationally distributed, coordinated at pan-European level through mechanisms such as EUREKA 1 or the European Cooperation in Scientific and Technical Resources (COST), or distributed to inter-governmental organisations or through the EU. We expand along these lines to offer a conceptual framework that characterises the evolving relationships between European member states in the context of the ERA and provide additional empirical evidence on the 'Europeanisation' of programming and research performance functions.
Conceptual framework 3.1 Theoretical context
A growing stream of literature dating back to the late 1980s emphasises the systemic nature of innovation. This is a rich and diverse body of theoretical work drawing from evolutionary economics which is exemplified in policy-oriented work on 'innovation systems'. Approaches to the study of innovation systems typically stress the importance of institutions and proximity for shaping innovation processes and associated interactions, but differ primarily with respect to their respective delineation of the system's boundaries (e.g. a country, region, sector or technology). The first to be developed was based on national boundaries, and then followed by regional, sectoral, or technological levels.
2 This paper draws from this stream of literature and examines the evolving relationships between national R&I systems in order to address the issue of their 'Europeanisation'.
A national innovation system is conceptually defined as a set of processes of production, diffusion and use of knowledge through interactions and relationships of actors, including the governance of the system and the institutional and social arrangements that characterise a nation state (Freeman 1987; Lundvall 1988; Nelson 1993) . The key elements of a system are therefore knowledge infrastructures, the knowledge-producing and -using actors and their networks as well as the institutional framework within which they operate. The latter includes policies, regulatory frameworks and culture. National borders signal institutional, political, linguistic and cultural fault lines: they define both what is 'inside' a system and what lies 'outside' of it. Almost by definition then, national borders act as barriers to knowledge flows.
More recently, the insights gained from these actorcentred perspectives on innovation systems have been generalised by formulating a set of key 'functions', or purposeful activities, that an efficient and effective system needs to perform. One stream of literature identifies seven functions, ranging from the mobilisation of the resources required to stimulate innovation development, down to the creation of new knowledge and to market formation (Bergek et al. 2008; Hekkert et al. 2007 ), whereas others have recourse to slightly different definitions (Chaminade and Edquist 2010) . Naturally, the specific functions defined by various authors can differ due to their analytical perspective and to the varied institutional configurations encountered in the empirical settings.
Here, we use another conceptualisation i.e. on a theoretical level, we refer to the principal-agent theory as applied to science policy: the basic question is to understand how non-scientists get scientists (agents) to do what citizens, represented by the public authorities (principal), have decided (Guston 1996) . The principal is the actor who disposes of a number of resources but not all those needed to achieve its objectives, lacking capacities, skills and information. It therefore delegates its task along with resources to an intermediary agent (e.g. funding agencies), who will be responsible for the implementation. The standard principal-agent relationship is thus refined by adding a third, intermediary layer of organisation.
It is important to note that such a configuration does not mean a hierarchical relationship between the principal and the agent, the latter having an informational advantage over the former. The relationship is a 'two-way street', each side having a certain degree of autonomy.
In the case of science policy, such a 'tryadic configuration' between government, research councils and scientists has been put forward (Braun 1993; Rip 1994; Braun and Guston 2003) , formulated in terms of research councils as intermediate bodies which institutionalise the relationship between the government as principal and the scientists as agents. In this perspective the government acts as principal to the research councils and the research council as principal to the scientists, which defines two 'two-way relationships' (Rip and Van der Meulen 1996) . The model is one where the research council-as an intermediary institution, would be both an agent, in the relation to the government-and a principal, in relation to the scientists (Van der Meulen 2003) . This model has been used, for instance, to analyse and discuss the configuration of research policy institutions (Van der Meulen 2003; Slipersaeter et al. 2007) .
A similar representation has been proposed for research systems. This approach goes beyond the traditional principal-agent thinking by assigning 'functions' to each of the three levels. It considers the government as being primarily in charge of the 'orientation function', the intermediary institutions (research councils) as in charge of the 'programming function' and the scientists in charge of the 'research performance' function (Barre´2008).
Thus, there is a double delegation relationship: first, between the public authorities and the intermediary organisations; and secondly, between the intermediary organisations and the research actors, which defines three macro-functions, as proposed by Barre´(2008) Braun 1998 ). Their purpose is to endow research actors with the necessary resources to conduct research, but it is also to steer the development of knowledge in areas that are considered priorities for public policy (Arvanitis et al. 1986) , as defined by the orientation function. This function thus involves translating the objectives of the former into the specific scientific priorities and implementing the processes of funding to allocate resources to the research performers, at institutional, research group or individual level. . Research performance function: This is undertaken by research performers (e.g. public research organisations, universities and companies). It involves: the employment of researchers, operating the research infrastructures, managing research projects, the diffusion of knowledge, the interaction with the other actors, as well as building up and maintaining networks of collaboration and researcher mobility. In order to realise this function properly, a delicate balance needs to be struck between the high degree of autonomy for scientists, which is essential for stimulating creativity and generating new knowledge on the one hand, and the thematic and organisational guidance needed to cohere with the orientation and programming objectives on the other.
In short, each macro-function deals with the problem of resource allocation for research in its own way:
. by providing orientations on the purpose of the research . by setting up programmes and implementing instruments to finance research according to the above purposes
. by exploiting the resources made available to perform research It should be noted that the focus of this interpretation is on public funding, including funding that is directed towards private firms.
Here, we move a step further by generalising the tryadic principal-agent model in two ways:
. We loosen the tight link between function and organisation. In particular, we extend the notion of intermediate organisations in charge of the programming function beyond research councils, which can be performed either by a specific organisation, such as a research council, but also from within an organisation which may also have another function, such as a public research organisation. . We use the model to represent the multi-level structure of research systems, extending it to the European (and regional) set-up of research policy. This is crucial for the purpose of our paper because it allows us to explore different configurations of how functions are distributed between the respective organisations at European, national and regional levels.
In order to operationalise this framework in a multi-level system such as the one in Europe, it is necessary to provide a transparent assignment of specific functional activities to each of the three levels. Each level of governance (European, national, regional), involves all three functions and can be described accordingly:
. At European level: The orientation function is undertaken by the European 'institutional triangle' composed of the European Parliament, the European Council (in particular the Competitiveness Council) and the European Commission (in particular the Commissioner for Research, Innovation and Science); the programming function is mostly borne by the Directorate General (DG) Research and Innovation (and some other DGs with minor responsibilities for R&I), and the performance function by the JRC but also by all the public and private research organisations which benefit from funding from the European budget. . At national level: The orientation function is undertaken by the national government (in particular the ministers in charge of research, higher education and innovation) and the national parliament; the programming function is undertaken by the national research funding organisation (research councils or agencies, national programmes managing organisations etc.); the performance function is undertaken by the public and private research organisations, including higher education organisations, which receive funding from the national budget. . At regional level: The situation differs from country to country, being almost non-existent in some; the orientation function is undertaken by the elected regional authorities (regional council) and their executive arm; the programming function is undertaken by the regional services (regional funding council) and the performance function is undertaken by the entities benefiting from the regional research funds.
Research in Europe can thus be described as three sets of organisations: one set of organisations dealing with the orientation function, a second set with the programming function and a third one with research performance-each set covering the European, national and regional levels.
As a next step against the background of our conceptual framework, we need to define, characterise and measure the evolution towards the 'Europeanisation' of the R&I systems of the various regions and nations of Europe.
Completing and using the model to define the Europeanisation of research
In order to characterise the Europeanisation of the research systems, drawing upon Barre´and Gaillard (2009), we define three types of possible relationships between the organisations of the national or regional levels concerned with a specific function, i.e. within each set mentioned above. The organisations of the regional or national levels can have, in the context of each function, relationships of:
. Integration: This is a concept that has been object of a wide body of literature mostly developed by political scientists. Some definitions have been put forwarded in research policies equating it to social dynamics and processes of institutional change. While Luukkonen and Nedeva (2010) and Luukkonen et al. (2006) define integration in research activity as the outcome of a social process and political process promoted through coordination and collaboration, which might lead to a de novo entity or to a composite entity composed with the original components but aligned; functions) are jointly defined and constructed creating a common understanding and a shared culture, through common guidelines and assessment. In this case the national (or regional) entities remain, decide and act with independence, but their decisions and actions are bounded and shaped by the voluntary recognition of a common framework of reference.
In contrast to integration, the ultimate decision-making power on important budgetary and major content-related matters remains at national level, even if coordination processes between countries and/or regions are being established to prepare these decisions. The Open Method of Coordination that encompasses common guidelines, periodic monitoring and reviews, adopted by the European Commission in 2000 with the approval of the Lisbon agenda, provides a good illustration of the coordination concept.
. Juxtaposition: Juxtapositioning of the orientation, programming or performance functions is based on the existence of independent co-existing decision-making processes focused on the autonomous development of entities and organisations, either ignoring each other or in competition with each other. In this case, the decisions of entities and their outcomes are neither integrated nor coordinated: they are juxtaposed.
While the identification of a juxtaposed relationship is usually straightforward, the distinction between the two relationships that characterise different types of Europeanisation processes (i.e. coordination or integration) is anything but simple since most real situations are positioned in a continuum between the two. Following a review of past work and keeping in mind the task at hand, we propose three criteria to distinguish integration from coordination:
. Single locus of the decision-making process: The decision-making is delegated to a single (integrated) body. Even if the nationally based actors actively participate in the decision-making process (e.g. voting rights or consensus building), they do so as participants in a single decision-making process.
. Single budget: The resources devoted to R&D are placed in a common pool, implying that, from there onwards, there will be a common decision-making process. . Strong institutionalisation: A strong structural dependency is built (Peterson 1991) , among which, for example, international treaties meaning that membership can for all practical purposes be considered to be irreversible.
This leads to a completion of our conceptual framework which allows a definition and characterisation of the 'Europeanisation' of R&I systems in Europe. It can be presented in the form of a matrix, crossing the types of relationships (R) between the entities or organisations and the functions (F) of the system, i.e. the relationships Â functions (RF) matrix (see Tables 1 and 2 ).
For each function (A, B and C), we consider all entities or organisations in Europe, of European, national or regional level; for each. We define if the corresponding budget is handled (for the orientation, programming or performance function) in an integrated, coordinated or juxtaposed manner (index 1, 2 and 3) at the European scale.
For each function (line of the matrix) the total public R&D funding is distributed among its relationships types: each function has a profile in terms of the relative importance of its relationship types.
We call Europeanisation the increase of the relative (budgetary) weight of the columns in Table 1 
Europeanisation in historical perspective: An overview
Section 4 aims to examine the history of Europeanisation of R&D over the last half century through the lens of our conceptual framework. In doing so, this section serves to empirically support the claim that the distinction between integration, coordination and juxtaposition is meaningful and can be usefully applied to chart the evolution of ERIS. Specifically, we assess the major initiatives in European R&D in terms of the changes in the relative importance of both the three different relationships (integration, coordination and juxtaposition) and functions (orientation, programming, performance) (see Table 1 ). In doing so, we uncover the shifting weight of integration versus coordination over time as well as the changing focus of what is integrated (e.g. a relative decrease in the integration mode of the performance function).
From the mid-1950s to the late 1970s:
Europeanisation as integration of programming and of performance functions in restricted areas. In this period, Europeanisation meant the creation of large international research infrastructures related to the 'big science' areas. This was mainly implemented through two types of procedures:
. The inter-governmental way, consisting of international treaties among interested government setting up an international organisation having an (integrated) performance capacity. An example is the European Organization for Nuclear Research (CERN), created in 1954. It is characterised by having decision-making and budget control within the organisation's boundaries, while simultaneously ensuring the collective participation of member states (Hermann et al. 1987) . The model has since been replicated in other research and technological topics exhibiting the same type of characteristics, e.g. the European Molecular Biology Laboratory (EMBL) in molecular biology. . The 'Community' way, i.e. the initiatives taken in the frame of the treaties creating the European Communities (now the EU). Provisions for research were made in two out of the three founding treaties of the EU, the Treaty of Rome and the EURATOM Treaty. In essence, these treaties are the creation of an integrated orientation function for research, which is still valid today. At the time, they also focused on integrating the performance function in specific areas through the creation of the Joint Nuclear Research Centre (today the JRC), according to Article 8 of the EURATOM Treaty.
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From the application of our criteria for the identification of integration coordination and juxtaposition dynamics, it can be assumed that in the first case, both programming and performance functions are integrated (while orientation is However, in spite of early initiatives and successes, virtually no new inter-governmental research organisation was created after the 1970s, the exception being the International Thermonuclear Experimental Reactor (ITER) (which has partners beyond the EU).
In that period, national entities, in the three functions, were essentially not concerned by those initiatives: Europeanisation was indeed confined to specific-and limited-areas of research ('big science'), where integration was complete or almost complete. The rest of research remains in a juxtaposed situation. From the 1980s onwards, the change of focus from big science to generic technologies (i.e. information technologies, new materials or biotechnology) shifted the requirements for the organisation of research, to collaboration (coordination) rather than co-location (integration) (Rothwell and Dodgson 1992) . This is the period of the creation (1984) and development of the European FP which aims to address the requirements of generic technologies and to enhance overall European competitiveness. The key characteristics of the FPs are that:
. Their budget is essentially allocated to research performing organisations within the countries. . The research must be performed in collaboration by those organisations through consortia. . There must be co-funding between the European Commission and the organisation, thus involving national funds.
Applying our criteria, the performance function is no longer simply integrated by European budgets: instead, they also coordinate national performing entities (in consortia for research projects) and some national funding outside the European budget-namely the matching funds required for FP projects. The orientation and programming functions for the European research budget remain integrated (the European political process on the one side, the FP programming and managing processes on the other). Interestingly, an important inter-governmental initiative of this period, the EUREKA programme, devoted to funding closer-tothe-market research, is built on the same coordination configuration.
A third noteworthy initiative of this period is the R&I component of the regional European structural funds (SFs) created in the early 1990s when the initial SF scheme 8 was reformed. Since about 2000, SFs have been supposed to place more emphasis on the funding of R&I infrastructures. Following our criteria, SFs keep the orientation function integrated at the European level, but the programming function is coordinated between the European Commission and each concerned member state, and performance is carried out at a purely national context-it is juxtaposed.
In this second period, coordination in programming and performance functions added a new dynamic relationship to Europeanisation in addition to the integrative and juxtaposed types of relationships. Collaboration of research performers at the European level increased with the development of the FPs and other jointly designed European initiatives such as EUREKA. However, European funding remains integrated for the orientation and programming functions. This third stage refers to yet another extension of the Europeanisation where national research budgets, in their orientation and programming functions, are voluntarily coordinated among the member states, even in cases where the funding of projects (performance) by the European Commission is minimal and even non-existent. The important issue is that the volume (level) of Europeanisation is no more-or much less-constrained by the volume of the European research budget as it was mainly in the first two periods (more than 90% of the cost of research is linked to the performance function). The frontier of Europeanisation is no longer that of the size of the EU research budget. Rather, it is the political will of the member states.
Methodology for compiling the RF matrix
The historical excursion in Section 4 gave a first impression of the interpretative power of our framework. However, our aspiration is to operationalise the framework in a more concise way in order to measure Europeanisation in quantitative terms. For this purpose, we must assign quantitative budgetary values to each cell of the RF matrix, i.e. position each and every budget for public research in Europe which is funded by European, national and regional sources within that matrix.
Overall rationale: The policy instrument as the building block of the matrix
Each element of the public budget for research has a specific type of relationship regarding the three functions, since every unit of resources (or budget) is processed from the stage of being voted by a parliament or elected body (regional, national or European orientation) to being prioritised and channelled (programming) and spent in a research activity (performance). Each budget appears once, in a specific type of relationship, in each line of Table 1 .
The question now is to identify the relevant 'unit of budget' or building block for assessing the type of relationship for each function, i.e. enabling us to fill the RF matrix. It appears that the notion of 'policy instrument', understood in a broad sense, fills the criteria: has a given profile of types of relationships over the three functions. For practical reasons, it is relevant to focus on the instruments of Europeanisation (addressing basically columns 1 and 2 of the RF matrix (see Table 1 )) and fill column 3 of that matrix (the 'juxtaposed' budgets column) as the difference between the (known) total public budget and the sum of columns 1 and 2.
In practice, we included the following Europeanisation instruments (see detailed description in Appendix 1):
. in the EU budget: the FP, broken down into a few instruments which differ regarding their programming and/or performance status the SFs . in the national budgets: the participation of formalised inter-governmental research organisations, broken down with regard to their programming and/or performance status the participation in inter-governmental programmes or networking activities
As we have seen, other parts of the national research budgets are 'Europeanised', namely the national 'matching funds' linked to the above instruments, distinguishing between 'project matching funds' and 'programmes matching funds', which differ in their programming function status. Then, for each policy instruments we characterise their profile (type of relationship) on the three functions, which allows us to identify their position in terms of the cells of the RF matrix (see Table 3 ).
Finally, having the budget for each building block, we can dispatch them to the relevant cells of the RF matrix.
To obtain the final RF matrix, we sum up the budgets of the building blocks within each cell.
Data sources and computation of the budgets referring to the building blocks (see Appendix 2)
In contrast to traditional methodologies, we approach the Europeanisation measurement problem by identifying major policy instruments and then apportioning the funding referred to those instruments, to one of the three categories (juxtaposition, coordination, integration), in the context of the three functions. Such an approach has empirical difficulties, which we will discuss in this section.
5.2.1
The scope of the data gathering. Our definition of 'Europe' is not restricted to the 27 member states comprising the EU. 'European' here refers not just to EU bodies and their initiatives but to any initiative with a trans-national orientation based in Europe. We aimed for an annual time series beginning in 1980, considering all instruments that were in existence at that time. In the end, data was only sufficiently complete for 1999-2008 and we therefore restrict our analysis to that period. Sourcing the budgetary data needed has been a challenging task (see Appendix 2 for sources). Despite our best efforts to obtain such information by sourcing annual reports and by way of direct correspondence, large gaps persist in the budgetary series, especially for inter-governmental research organisations, some of which we addressed with empirically derived imputations.
11 Imputations were also used to construct a time series of COST budgets.
12 Single missing year observations were estimated as the average of the preceding and the following year.
Moreover, for many instruments, budget data is not available by year, but is allocated for long programming periods (e.g. FP7 2007 (e.g. FP7 -2013 . Given that it is the decision to allocate the funds over the programming period that is of political importance, an equal distribution over time seems reasonable.
13 Therefore, the time series for those instruments was reconstructed by dividing the total for the period by the number of years.
In estimating the public funding of EUREKA we followed previous practice (European Commission 2008: 68) , in assuming that 50% of the total budget comes from public sources. Figures coming from annual accounts (such as those from inter-governmental research organisations) and budgets for instruments with long programming periods (such as the SFs) correspond to expenditures but, due to lack of any other information, the same figures have also been used in programming.
The national funds leveraged by the European instruments (matching funds).
The major difficulty is that systematic and comparable information on the Europeanisation (whether through integration or coordination) of national public funding for R&D is lacking. The necessary data elements are not collected regularly and have no clear antecedent in statistical practice. Standard statistical methodologies 14 for counting government budget appropriations for R&D and government R&D expenditures are very much nationally minded and lack the complementary information needed to fit them into the RF matrix. Formal data generating and collection mechanisms for such data are still at a nascent stage. 15 Thus, we had to compute the Europeanised parts of the national budget through proxies based on EU budgets (matching funds).
The FP and the SFs are based on the principle of cofunding project costs with national sources. For the FP, we first identified the extent of activities where the co-funding principle was applicable (typically FP Thematic Funding, i.e. without human resources, ERA instruments and JRC/ EURATOM) and then calculated national funding assuming a 50% contribution from the member states. We assumed that two-thirds of the national contributions to FP projects come from public sources. 16 For the SFs, 17 we split the totals into funding allocated to (what were for the most part) Cohesion (Objective 1) countries (Greece, Portugal, Ireland, Spain for 1999-2006; Greece, Portugal and new member states afterwards) and non-Cohesion countries.
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For the former we assume national co-funding to the tune of 30%, while for the latter we assume 50%. 5.2.4 Units of measurement: Currency and timediscounting problems. Another challenge for the construction of indicators that are comparable internationally, over time and over type is to ensure that the figures are expressed in a common unit of measurement. Inter-governmental research organisations budgetary information is denominated in currencies other than Euros. Historical exchange rates between the Euro (ECU prior to 1999) and other currencies were obtained from the European Inter-governmental organisations are by definition A2 and B1; if they are a research organisation or large infrastructure, then it is C1; in the case of ESA, for performance, we assume 20% as C1 (estimated part of intramural R&D) and 80% as C3 (estimated part of subcontracted R&D). Inter-governmental European programmes or activities such as EUREKA and COST are A2, B2, C2. For 'other public funding of research (national and regional)': it is the national research budget (GBAORD) minus all elements of this national budget which are either integrated or coordinated (Europeanised); it is important to recall that EU budget is outside national budgets, but that funding of inter-governmental organisations, programmes and activities relate to national budgets.
Commission's DG Budget, 20 annualised and then used to convert figures dating back to 1999. As no historical conversion rates are available for the period prior to 1994, the conversion series average was used instead.
The use of purchasing power parities was considered but deemed irrelevant as:
. We are not making cross-country comparisons, but comparing a single entity (the EU) over time. . We are not concerned with the impact of R&D ( = purchasing power) but with the political act of its commitment and expenditure.
Likewise the use of deflators is not warranted, as we are only interested in proportional changes and inflation would impact equally upon both sides of the fraction.
5.2.5
Overall assessment of the data collection. In addition to the above provisos, and despite our best efforts, the underlying data, and by extension the resulting indicators, suffer from the following limitations. We cannot be certain that our inventory of Europeanised R&D budgets is exhaustive. Specifically, we could find no systematic information on bilateral or multi-lateral R&D initiatives between European countries that fall outside the scope of the major instruments. Our indicator estimates assume that these are not large enough to have a major impact on European-level trends.
21 It is also possible that such agreements are generally ad hoc, driven by issues of bilateral importance, and as such cannot be taken as suggestive of long-term political intentions with respect to European integration. Moreover, where estimation choices had to be made (e.g. on imputations), we chose to err on the side of caution, choosing conservative assumptions. These omissions mean that our estimates may understate the true magnitude of the activities that our indicators of Europeanisation intend to proxy.
In total, we estimated that our data collection can provide significant results in terms of ascertaining orders of magnitude and major trends.
Results and discussion
To measure the integration and coordination dynamics of the ERA we will use the following indicators, defined with the notions of Table 1 (see Box 1).
The RF matrix
Having identified the budget of each instrument (in the sense of Table 3 ), allocated them to the cells according to Table 3 Table 4) Considering that the indicators about the orientation function would not add much to our argument as it is made at this stage, while making the presentation more complex, we leave them out of the computation and of the results.
Main results
Based on the definition of indicators as provided in Box 1, we obtain a set of key indicators (see Tables 5-7) . Table 5 confronts key indicators of integration and of coordination for both programming and performance functions in order to show how quickly the coordination mode in programming and programming has grown as compared to the integration mode.
In 2000, overall, integration is more developed than coordination (7.0% against 6.4%) and coordination refers mostly to performance (through research consortia in the FP for a good part). In 2007, the level of integration has not changed, while coordination has almost doubled (from 6.4% to 12.5%), becoming more developed than integration (12.5% against 7.1%); this rise of coordination is mostly due the very strong increase of coordination in programming (from 3.9% to 14.1%, which is a multiplication by 3.6). Table 6 focuses on indicators of Europeanisation (understood as the addition of the integration and coordination modes), distinguishing the contribution of the two functions of programming and performance. Overall, Europeanisation has increased by half (13.3% to 19.6%) in the period 2000-7. The Europeanisation of programming has evolved from a contribution hardly larger than that of performance (54-46) to a position where it represents almost 2/3 of Europeanisation (64-36), becoming the driving function of Europeanisation.
Finally, Table 7 looks at the relative contribution to Europeanisation of programming (as compared to performance) and of coordination (as compared to integration). Both programming and coordination have changed from contributing to half of the Europeanisation to contributing to two-thirds of it. In other words, in 2000 Europeanisation was based equally on programming and performance on the one side, and on coordination and integration on the other. In 2007, for Europeanisation, programming is twice as important as performance and coordination is twice as important as integration. It can be said that today, Europeanisation is fundamentally based on the coordination of the programming function.
The indicators show a double shift in the period 2000-7: from integration to coordination and, within coordination, from coordination of performance to coordination of programming.
Interpretation and discussion
Linking to the historical discussion (see Section 4), the evolution of the Europeanisation of research can be described as follows: in the post-World War II period
Box 1. Definitions of indicators

Indicators of integration
. Index of integration of programming function:
percentage of programming function which is integrated
. Index of integration of performance function:
percentage of performance function which is integrated
mean of percentages of integration of programming and performance functions Indicators of coordination . Index of coordination of programming function:
percentage of programming function which is coordinated
. Index of coordination of performance function:
percentage of performance function which is coordinated
mean of percentages of coordination of programming and performance functions Indicators of Europeanisation:
. Index of Europeanisation of programming function:
percentage of programming function which is Europeanised (integrated or coordinated)
. Index of Europeanisation of performance function:
percentage of performance function which is Europeanised (integrated or coordinated)
. Index of overall Europeanisation:
mean of Europeanisation index of both functions Indicators of modalities of Europeanisation . Index of Europeanisation through programming function:
percentage of overall Europeanisation due to Europeanisation of programming function
. Index of Europeanisation through coordination:
percentage of overall Europeanisation due to coordination type of relationships until the late 1970s, Europeanisation of research meant sharing integrated big science infrastructures dealing with both programming and performance of research and being of relatively small size in comparison to the research systems as a whole-hence relatively low levels of Europeanisation, equally concerning programming and performance, coordination being almost absent.
In the 1980s and 1990s, while the big science organisations of the previous period-which were mostly intergovernmental organisations-developed at only moderate pace and without expanding to new areas, the FP became the new arm of Europeanisation. It allowed the flourishing of research consortia-which means coordination-among research performance organisations throughout Europe. In 2000 the index of coordination for the performance function became higher than its index of integration (8.8% against 3.5%). At the same time, SFs applied to research (mostly research infrastructures) developed. This leads to coordination in programming, which shows through the take-off of the corresponding index, at a modest 3.9% since this funding scheme was limited to the less developed regions.
In 2000, Europeanisation reached the level of about 15%, balanced between the programming and performance functions, the integration mode still being more important than the coordination one (7.0% against 6.4%). This level of Europeanisation in this model reaches a limit since: big science integrated infrastructures no longer constitute a priority, and coordination is focused on the performance function (8.8% against 3.9% for the programming function) through FP consortia, whose overall volume was limited by the size of the FP.
After 2000 with the launch of the ERA and the FP6 ERA-dedicated instruments another model of Europeanisation has emerged as a superposition of the two previous The overall value of programming and performance is their mean; the overall value of integration and coordination is their sum. 
Conclusions
In this paper, we have proposed an enriched definition of the Europeanisation of research, considering that it should be assessed along the major functions of the research systems and along various types of relationships among member states.
We have also proposed indicators to measure those dimensions of Europeanisation and we have-albeit partially-computed them at two dates. The interpretation of those indicators has enabled us to revisit the history of the Europeanisation of research of the last six decades. We have shown that three main phases of development can be distinguished and that the most recent phase is not only characterised by the growing importance of Europeanised functions, but also by the emergence of a new mode of Europeanisation that is driven by coordination in programming and funding. While it does not supersede the previously dominant mode of integration, coordination now represents the most significant contribution to Europeanisation: a contribution that is likely to grow further as it is not limited by the willingness of member states to transfer resources and competencies to Brussels, but can respond to the full range of nationally funded research activities.
In methodological terms, the framework developed and the data compiled represent a first step and a basis for a refined approach to the monitoring of the process of moving towards an ERA. The next challenges are to complete the indicators:
. (Cooke 1996) consider regions to be the most appropriate unit as shared of culture and interactions are very much dependent on proximity. Using the same reasoning but different construals of proximity, sectoral or technological systems of innovation have also been proposed, considering industrial sectors or the technologies as the shared space (Carlsson and Stankiewics 1991; Breschi and Malerba 1997; Markard and Truffer 2008) . 3. Luukkonen and Nedeva (2010) assume integration to be the process of forming strong, persistent relationships through social and cognitive processes. Our framework is complementary to theirs in the sense that we focus more on the social and organisational aspects, as well as on policy-driven processes; hence our concern with governance, and our identification of the orientation, programming, funding and research performance macro-functions. Moreover, we also consider the option of coordination as an alternative mode of Europeanisation. 4. In quantitative terms, this means a relative increase of A1+A2 and/or of B1+B2 and/or C1+C2 as a percentage of the total public R&D budget (TOT). 5. Although in the quantitative part below we will have to set aside the computation relative to the orientation function and to the regional budgets. 6. Although coordinated actions were also foreseen in the treaties, as indirect interventions to support activities promoted by member states, they were mainly implemented after the 1980s when the first multi-annual FP was launched. 7. This is why Banchoff (2002) Grabert (2010) and COST (2010) , and as also indicated in the COST the midterm review (Horvat et al. 2010 ). 13. Arguably, though for the performance function, a more precise accounting of annual variation could be important, as expenditures tend to concentrate in the middle years of a programming period. While we experimented with the imposition of some bell-shaped distribution (i.e. for the FP and the SF applying retrospectively annual distributions known from the latest programming periods), in the end we settled for a simpler equal annual distribution to avoid the introduction of artefacts and ensure consistency between instruments. 14. Developed by the OECD and documented in the 
